The present study aimed to analyze the indications, feasibility, safety and clinical effects of total spondylectomy and spine reconstruction through posterior or combined anterior-posterior approaches for thoracic lumbar and sacral vertebrae tumors. Between December 2009 and May 2012, 10 patients with thoracic lumbar and sacral vertebrae tumors were retrospectively analyzed. Different surgical indications and approaches were used according to the affected segments, the extent of lesion involvement and the specific pathology results. One-stage posterior or combined anterior-posterior total spondylectomy and reconstruction was used for the treatment of complicated thoracic lumbar and sacral vertebral malignant tumors and invasive benign tumors. The duration of surgery, levels of intraoperative blood loss and transfusions, and the clinical effects were observed. The average surgical duration was 6.8 h (range, 4.8-12 h), with an average blood loss level of 3,200 ml (range, 1,500-10,000 ml) and an average transfusion level of 2,500 ml. During the average 15 months (range, 3-29 months) follow up, two patients succumbed and one patient experienced tumor recurrence. Neither tumor reoccurrence nor metastasis was observed in all other patients. Personalized surgical indications and approaches according to the affected segments, the extent of lesion involvement and the specific pathology results would aid in the reduction of pain, the improvement of nerve function and the reduction of tumor recurrence.
Introduction
Tumors of the spine are defined as an abnormal mass of tissue within or surrounding the spinal cord or spinal column (1) . Spine tumors may be characterized according to the location in which they occur, such as the lumbar and sacral regions. The majority of spinal tumors have an unknown cause, however, exposure to cancer-causing agents may be involved (2) . The most frequent symptom of spinal tumors is non-mechanical back pain, particularly in the middle or lower back (2) . Usually a combination of radiological and medical examinations, which focus on back pain and neurological deficits, are used to diagnose tumors of the spine (3) . At present, both surgical and nonsurgical treatments are used for the treatment of spinal tumors, however, treatment outcome is dependent on various factors, such as patient age, overall health of the patient and whether the tumor is benign or malignant and primary or metastatic (3) . The majority of spinal tumors are metastatic, and are usually treated with palliative therapy, including radiotherapy, chemotherapy and selective artery embolism. However, chemotherapy and radiotherapy have extremely limited effects in the treatment of spine tumors (4) . Selective embolization may be used to control tumor size and reduce bleeding during surgery (5) . Approximately 5% of spine tumors are primary tumors (6) and surgical treatment can be used to completely cure such tumors in certain cases. It has also been reported that surgery may be used to relieve pain in 80-90% of patients with malignant spinal tumors, as well as improving spinal function in 75% of patients (4) .
Spondylectomy for the treatment of spinal neoplasms was first reported by Stener in 1971 (7) and further used by Roy-Camille et al (8) and Fidler (9) . In the 1990s, Tomita et al (10) developed and popularized the surgical procedure known as total en bloc spondylectomy (TES) to resect the diseased vertebrae. The TES procedure has been increasingly gaining recognition and is now widely accepted by spinal tumor surgeons due to its favorable outcomes (11, 12) .
Generally there are two surgical steps to the TES procedure (10, 13, 14) :
Step one is a total-laminectomy, which involves the excision of the posterior of the vertebrae, and step two is the resection of the total front of the vertebral Therapy for thoracic lumbar and sacral vertebrae tumors using total spondylectomy and spine reconstruction through posterior or combined anterior-posterior approaches body. The present study reports 10 cases of total spondylectomy and spine reconstruction through posterior or combined anterior-posterior approaches for thoracic lumbar and sacral vertebral tumors.
Patients and methods
Patient data. Between December 2009 and May 2012, 10 cases of patients with primary malignant tumors of the spine treated by TES in the Second Affiliated Hospital of Xi'an Jiaotong University Medical School (Xi'an, China) were retrospectively analyzed ( Table I ). The average age of the patients at the time of surgery was 50.5 years (range, 23-65 years), with an average follow-up time of 50.2 months (range, 28.1-68.7 months). The study group consisted of three females and seven males. All 10 cases were of primary tumors, with three chordomas, three giant cell tumors of the bone, two plasma cell myelomas, one chondrosarcoma and one malignant fibrous histiocytoma. Affected segments were T6, T8 and L3 in one case each, T7 in two cases, L3-4 in one case, L5 and S1-2 in one case each, and S3 or below in three cases. According to Tomita's grading system (15) , there were four type IV cases, four type V cases and two type VI cases. Using the Frankel classification of pre-operative spinal cord function (16) , one case was grade A, two cases were grade C, two cases were grade D and five cases were grade E. Seven cases required a partial spondylectomy and three required a total spondylectomy. According to the recorded data for the height, weight and body mass index of the patients, the average body mass index was 25.7 kg/ m 2 (range, 22.2-39.5 kg/m 2 ). Written informed consent was obtained from all patients and this study was approved by the ethics committee of the Second Affiliated Hospital of Xi'an Jiaotong University Medical School.
TES procedure. The TES procedure generally consists of two steps:
Step one is a total-laminectomy, which involves the excision of the posterior of the vertebrae, and step two is the resection of the total front of the vertebral body. In step one, the surgical area is focused on the lesion centrum and the extension for one centrum. When the transverse of the lesion centrum is fully exposed, the bilateral pedicle is cut off. The T-saw guide is carefully inserted into the middle of the lamina and vertebral pedicle surface, and removed from the neural tube, to completely resect the bilateral pedicle and avoid nerve root damage. The guide is removed following the introduction of a special wire saw, which is used to cut off the vertebral pedicle. To reduce bleeding and contamination by tumor cells, the cut off vertebral pedicle is wrapped with gauze. The posterior spine is fixed by temporary equipment to maintain spinal stability following resection. The bilateral segmental artery is carefully identified and protected prior to step two. The thoracic vertebra nerve root is cut off in the intervertebral foramen. The segmental artery branch along the nerve root is also cut off. Next, a blunt dissection is performed between the pleura (or iliopsoas) and the centrum. The aorta is separated from the anterior centrum using a curette and fingers. The intervertebral disc is cut carefully using the wire saw. The dura mater is then separated from the venous plexus and ligaments in the surrounding spinal canal by nerve dissection. Finally, the anterior and posterior of the centrum are removed.
Surgical approach. According to the affected segments, the extent of lesion involvement and the specific pathology results, different surgical indications and approaches were selected. A one-stage posterior or combined anterior-posterior total spondylectomy and reconstruction was used for the treatment of complicated thoracic lumbar and sacral vertebral malignant and invasive benign tumors. Titanium mesh autologous bone grafts were used for intervertebral fusion. The indications for a total spondylectomy were nerve function defects, an inability to withstand back pain medication due to spinal instability, or pain that could not be reduced by injections.
For the affected segments located at the thoracic level and L3 or above (not including L3 spine), as the tumor 1  Giant cell tumor  23  L5-S2  11  4000  NED  24  2  Giant cell tumor  44  L3-4  7  3200  NED  22  3  Malignant fibrous  36  T6  5  2300  DOD  8  histiocytoma  4  Chordoma  66  S3 or below  3  1500  NED  28  5  Chordoma  59  S3 or below  4  1800  DOC  18  6  Chordoma  65  S3 or below  3  1600  NED  30  7 Plasma cell myeloma 59 did not invade into the main blood vessels, a one-stage posterior partial spondylectomy and titanium cage bone graft was used, together with a posterior screw rod system reconstruction. For S3 or below, a one-stage posterior partial spondylectomy without reconstruction was used. For L3-5, a one-stage anterior/posterior partial spondylectomy, spinal canal decompression, a posterior screw rod system and a titanium cage bone graft reconstruction were applied. Lastly, for L5-S2, a one-stage anterior/posterior partial spondylectomy, spinal canal decompression, a posterior screw rod system and a bilateral autologous fibula reconstruction were applied.
Data collection. All patients were followed-up on months 1, 3, 6 and 12 post-surgery, and then once a year thereafter. The follow-up evaluation was performed using medical imageology analysis by spine specialists who had not been involved in treating the patients. The frontal and lateral X-rays and computed tomography (CT) were reviewed prior to or following the surgery. X-ray analysis, including the measurement of body weight and segmental angle, the collapsed or displaced vertebral plate grid, and any spinal column instability or misalignment. CT scan was used to detect the vertebral plate grid of the graft bone, and at least two or more sagittal section images were included with adjacent vertebral graft bone bridge plates.
Results
Surgical and patient data. The average surgical duration was 6.8 h (range, 4.8-12 h) with an average level of blood loss of 3,200 ml (range, 1,500-10,000 ml). All patients were followed-up for an average of 15 months (range, 3-29 mouths).
Two patients succumbed and one patient experienced tumor recurrence at follow-up. One-stage posterior total spondylectomy for lesions in the thoracic vertebrae or L3 and above showed thorough removal of the lesional focus and immediate stability of the spine without fixation, break or evident complication. At six months post-operatively, the spinal cord function for all patients recovered to Frankel classification grade E. One patient with a lesion in S3 or below showed recurrence, with urination and defecation function disturbance. One patient with a L3-5 lesion treated with combined posteroanterior total spondylectomy showed decreased bilateral quadriceps muscle strength from level 4 to level 2, complicated by radiating pain in the hip. However, X-rays and magnetic resonance examination showed thorough decompression, good spinal stability and no internal fixation loosening or fracture during the follow-up. One patient with a L5-S2 lesion showed partial paralysis of the lower limbs, and spinal cord function decreased from grade D to B. Following one year of follow-up, bone graft healing without tumor recurrence was observed, but the posterior screw-rod was broken.
Sample case. One of the patients treated was a 23-year-old male with a giant cell tumor (case 1 in Table I ). The tumor expanded into the spinal canal and outside of the vertebral body ( Fig. 1) . Bilateral posterior reconstruction with an autologous fibula was used. Post-operative radiographs and CT scans of the lumbar spine suggested that the reconstructed spine was well maintained (Fig. 1 ).
Discussion
Total spondylectomy is one of the most difficult surgeries to perform for the treatment of upper thoracic vertebral tumors with the advantage of the complete removal of tumors (17) . One-stage posterior total spondylectomy and spine reconstruction can be used to treat primary malignant tumors in the spine, including chordoma, osteosarcoma and chondrosarcoma. In addition, benign upper thoracic vertebra tumors with the potential for invasion or a higher recurrence rate, such as giant cell tumors, can also be treated by TES (18) . Other tumors that lead to nerve dysfunction and compression fractures, as well as those metastatic tumors in a single vertebra also require TES. The Second Affiliated Hospital of Xi'an Jiaotong University Medical School has successfully treated a number of cases of total spondylectomy with satisfactory results. Different techniques for en bloc resection have previously been described (8) (9) (10) (19) (20) (21) . To achieve a total spondylectomy and reconstruction, a combined anterior-posterior surgical approach has usually been used. However, this approach can lead to more serious injury, a longer surgical duration and greater blood loss, as well as increasing the psychological and economic burden on the patient. The frontal thoracotomy approach requires greater patient tolerance and may lead to the injury of the visceral pleura or large blood vessels during surgery. The approach has increased risks of atelectasis and pulmonary infection, as well as an increased risk of respiratory failure post-operatively for elderly patients with poor lung function and lung diseases, or in those with pleural adhesion or who underwent open heart surgery (22) .
By contrast, surgery using the posterior approach could avoid intraoperative injury and the corresponding risk of complications (23) . This approach does not require a thoracotomy, and is therefore suitable for more patients as it requires a lower level of tolerance, reduces the surgical trauma, shortens the surgical duration, lowers the level of intraoperative blood loss, relieves the patients' pain, reduces medical costs and shorten the hospital stay. However, the posterior approach also requires doctors with higher surgical skills, due to the narrow filed of vision, limited surgical space and easily damaged spinal cord.
Therefore, we believe that the indications for a posterior thoracic vertebra total spondylectomy and reconstruction are as follows: Primary malignant spinal tumors and aggressive benign tumors; tumors without front internal organ invasion; tumors without adhesion to the inferior vena cava and aorta; no multiple metastases; less than 3 vertebral body lesions; and an isolated vertebral metastatic tumor, without primary lesion, or a primary tumor lesion under control. The present results showed that survival time can be extended to between three months and half a year with the surgery, and the quality of life can be significantly improved.
Overall, the following conclusions can be made from this study: Firstly, if the lesion location is above L3 without main venous invasion, the posterior approach only gives a better result. Secondly, to treat tumors with main venous invasion or serious segmental blood vessel adhesion, the anterior approach should be used first, followed by a posterior total spondylectomy and reconstruction. Lastly, for those lesions located at L3-S2, where the surgical field may be covered by the ala ossis ilii, and affected by the existence of abdominal aortic bifurcation and psoas major, the use of a combined anterior and posterior approach would result in a better prognosis.
